
Dear Bruoe: 

Your letter of April 9 ad the two halves of the me, all arrived 
during the paet week, the firstnamed marked “ineuffiaient poetage for air- 
mail”, which acoounts #or what may eeem liks an unoonacionsbls delay in 
mJt reply. Norton visited a couple of weeks ego, and we are in substantial 
agreement in our riewa on the me., in particular that while wo do not wish 
to delay you any further, the me. can etill etand coneiderable condensat&on. 
My own riew ie that you have met every major Issue I may have raieed ( barring 
any further etrong comment below), and will now leave further queetA.onec that 
may be raiesd to your own judgment. If the ditors of JOM are willing to 
accept the paper ar3 ie, it may well be left a$ %hat; 4.f not (es I would strongly 
eurspecf) you may have a job of eurgery et111 on your hende. At any rate, there 
9.6 every reason to get thie in the preee. We ehould look ahead to the problem 
of reprinta, a8 thie may have to be deaided rather eucldenly when proof oaea* 
Thie may eeem exaggerated, but I think we have to antloipate a demand on thfe 
eide of the Atl&ntic of at leaat 730 reprinta. CE theeo, Norton ahould have 
2308 I expect moef of the stateeide requests will be direated here, and it would 
be rather silly to forward them to London, but if you would prefer to handle all 
reerponaee to request carde, you oould cut my figure from 750 to about 350. My 
general mailing liet takee about 350-450. Before making a definite col;lr?itment, 
I had better have at least a rough estimate of the oosta. If you m get this, 
plus your own estwte of how many you expeat to get yourselfr it will help on 
this reourrently vexatious bueineee. (I might add that Vorton end I ehered 650 
reprinta of the Z&L, and the eupply has long binw been ey;h exhausted, except 
for a oontingenoy reserve (for future students, etc.)) 

To take up your letter fir et ( let me parenthesize that I don’ t hope 
to get an overall view of a letter like this, and muet follow your own point 
Iby point. Anything not me*vtloned hae been noted and&irc, preatrlably ok. 

II II 3 Don’t pay much attention to the one8 I remarked; they are essentZally a' 
random trample. The eddreee, acknowledgments eeem ok. TreatTrent of tranduction 
~6, K-12 story Is ok, a8 ie. Traniduction ie dsf’ined et p. 681 (Z&L) ae 
“genetically unilateral transfer in oontraet to union of equivalent elements 
in fertilization. The working hypothesha 
traneduction provides.. . .“, 

that FA is s agent of genetic 
and In Phyeiol. Rev. >2:413 as “restricted tranrsfer 

of genetic material to the oelln. If you want to see why I emphasize th$e ter- 
minology, see Dobzhanksky’pl comment on E-Taylor ae ‘progreee on the road towarda 
the induotion of specific mutations In epeuific genea” (Amer. Natw, 87:123) which 
propagate6 the error in hle monograph. f fully accord with “pneumooocaue trensfor- 
:%etion” as a designation for that partloular case, for hietorioal reeaone, and 
w/l1 have no complaint %f you do not explioitly subsume this under traneduction, 
80 long a8 PnT Ze not contrasted with Sal. Traned. I pose the hypothetical 
pueation: what heppena if we sucaeed in extracting the genetic fragments 
from the phage particlee, and oan inject them by come other means? The 
concept of jnaneduction as the overall mechaniem ie the only one sufficiently 
general to cover the whole situation. I regret my error in celling the 
tranefer of F state u a traneduotlon. Perhaps I oan wiggle out of It by 
aetting aeide “genetic transduction” a8 the distinctive term, and leaving 

7 transduction to its dictionary meaning. There ie w no wmmon ground 
between the F transfer and fertilization (from a genetic point of view) that 
requires a contreeting terminology. 



I we8 delighted to heeraabout the Glasgow strains. If anything, the agreement between 
genotypy and lyeotypy ehould be emphasized even further , es boletsring both. How about 
apeaifjrfng NT0 3047 for Glaagcw 0. 

mportant ) ** In view of the current haesle over Salmonella nomenclature, I think it would be 
moat hazardous to dsecribe specie8 (cf. Joan Taylor end the British Enter. Subconm. in 
the Int. Bull. Pact. faomsh....) Why not juet aerotype, type, or serological type? 

“gene’ la taken too eerioualy by some; “genetic factorn is leee insistent as an 
eblsolute unit, and to my eara just sound8 better in the abaenoe of a complete diecusaion 
of the “gene theory! 

“combinetorialn still eounde adequate. You have tried every cctmbfnatien cf bacterium 
with FAI there is mp$ no question of perm&ation with non-equivalents, to be fueey. I.E. 
a x- b is the 8ame a8 b x- a, Dicstionary uasge also give@, e-g, "o@d.natoriab analy8ie- 
math. study cf permutations and combinations.” 

I don't dielike your suggeetlm about Flal--H1. I am euspioious of it only because 
it is too cbvioue. To talk about predictions, would would think that H -H would be 
even more likely linked, but there ie no sign of this. The present vem cn i ci 8 sufficiently 

Would you prefer to quota the more general dlsouaeicn8 Op peeudc- and para-alleles 
~%~~~encesz ~~~~-nkea-Ege&Baek-~-~a~T~K~~, Amew, Nat. 84:gl.; Lawhnan, more 
recently in the came; aeverel paper8 in GSH 51: Bcnner, Lewis, Stephens, Gilee, &t&e+- 
the flrat ie probably eufffzient). Frankly I am not yet entirely convinced that this ie 
more than a coincidence, even ocneidering SW-553 

I have a reoord of motilizingt 3@70--x SW*, and 8Ug72--xSW9+1. We ahculd defelop 
other ma&we in all the standard teeters. May I 8uggeat ycu do this for 11111 TM’8 , and 
I'll keep the others in mind. I’ve gotten cnly j pheeee frcm pullorun, gallinarum -X 
@Ol. This doesn’t mean much. Altogether, ueing spla+ --x 8Ll3, I’ve gotten juet one 
or two swarms (both a), nothing with Flel- -x SL13, Hyever, in the ccuree of some 
track isoletione, I picked up some derive . of SLl@ whioh may ahcw a higher frequency 
of traneducticn. If ec will eand you these (and repeat linkzsge teeta). These experimente 
were deslgned to eee whether track8 were transduction8 initially abortive, or aroeeovers 
with a reeidue, egg* diatlngu$ehing SW666 and SW%> e8 Flel and Flal,, tracks were picked 
from l- Hlb -x la- Hl@ to verify whether all the track8 were etill la- Hlgp, or some 
poeeibly l- or la- H, b (temporarily motile by a reeiQua1 cro8sover fragment ). In quite 
a large experimsnt, invo‘lvixq all the feasible ccmbinat@ns, no euoh crossovers were 
found. However, acme of the track8 from TM2--x SL13 8eem to be more amenable (poseibly 
simple eelection for better traneinducible cella), to subrseuqent tra~~sduction when they 
were tested. The experiment wes motivated by Morse’ reeult, who ha8 found that 8Qme of 
the unstable Gal+ from Gal,- -x 8e14- split off occasional Gall@ es well as Gel&-. 

your pm 4 con’d: Yes. TM2 --x SW971 gave gm. (Oulture unrelated to 970, 972). 970 and 972 
may poeaibly be the came, ~‘11 tracfng history. 972 come frQzl Kaa frcm Floyd from 
freeh eggs in Cairo. Both are gm. 

I would prefer TM2, just a8 a 8train label. Norton agrees. I would indeed like to 
hear detail8 about origfg of @Ol- can’t finit it in 
ask Felix. (Met Anderson et Urbana lest week: he P 

rint, and have been meaning to 
didn t know wither. Anderson will be 

here in about Tao weeke. I might interpolate that we beught a tape recorder from him 
which he picked up in ?sP; and later found could not uw on train electric airauite). 

Wunderbar! cn track oell. 

We have abandoned hope of gaing to Europe thi8 summer l Have no preference or 
objection to whatever ycu might like to preeent, joint or separele ( if former is traced 
on thia paper). I em going to aek CTevalU&since he haa sought my advice) to invite you 
to give a longer paper a$ Rome. A8 to ?4GB, however, I diseent (but will not Inslet). 
I juet don’t eee any point to a preview which 18 going to come cut in full detail, Plea- 
don’t quote my own paat sine, but I have become rather 8our about MGB, which Is now 
neither fish nor fcul (private circular vs. publication). 



I agree about 1eaMng out SW553, 970, 972. You have to atop eomewhwre.’ 

SW535 - S. Stanley, Edward@ $415. 1 think pa or I had done TM2 -x SW535 at 
Madieon, with the eamd reeul t. 

3efore thie letter 18 buried in mer detalle, may I aek Whether you ever streaked 
out the SW684 (unstable Oal+ Manaduotion) wb.ioh I believe I did eend you some time 
ago. Our own culture 86ems to have gone to pot (mixture of pure + and -, no Qalx), and 
I would appreciate j!$ getting it back, if you have It. Also, a8 mentioned further, 
I have to g5.ve up TM2 for phaes variation studies. Have etarted with Slid as the most 
etable in your 194 eerlee with approx a back and forward, but will eventually want 
to oompare different strains. Could you send me a bat& of those for wh%ohpu had meamar 
rates? Finally, have you ever looked at the S. enteritldie XT0 Fe, mentioned by Sch#tz 
I would appreciate the @train and its history, if available. Are there any more 0 forme 
floating about in NTC? The Army evidently threw out a bunchbthat Bruner collected durin 
the war. Aleo, LeMinor recently publfehed one in Ann. Inst. Paeteur (ty?M)-- have you 
got hold of it? Which reminds me, did you ever perfect @%8X a technique for dfatingu&Lh 
0 and H on agar, without exoeseive overgrowth1 We don’t aeetn to be able to hit the right 
agar concentration ( plate to plate varienae very high), and methocel did not work. 

I &XI beginning to believe that !DG? goes through 4 distinct phnseer: i, 1*1,2, 1,2. 
The laet is rather unusual. Also, the ft1,2 phaes seeme to be distinctly more motile , 
than the i. Edward8 quotes it as a fairly oommon ecourrence that one phaae is muoh,, 
leea motile than the other, and I think I can eonfirm this for several oases, eepeoiallg 
With artlflrrial phases like z The phases ~SXII may yet have diet&net adaptive values 
not directly concerned with t8;r antigenioity. t:.. Let me add that abortue-equi 
--x TM2 has given an iwnx fra which I have been unable to isolate any’bhing elee. The 
i agglutination ie ueually delayed (even with aultures paesed through enx serum), but 
both t??o C and enx ae&lutinatlone eeem complete. I have some nicrosc&pic Btudiefs under 
way to check on this phase confueion. 

-------- Now the paper, 

I note your dPfflcult;y with ei?ecies ve. aerotype. I see no reason not to uBe the 
binaniale, but to refer to them a8 eerotypes (without maklng any point of it). 

There are two thinge, generally, whioh dilute theapaper (aalde from a prolixity of 
style whioh is entirely a matter of taste). First Is the adoption of a duplicate terminc 
logy, one baoteriologiaal, one genetfu, with the terms repeatedly appoeed. I think the 
latter oan be dropped, or on& defined used to the exoluelon of the forzer. second ia 
a replititicm of genera1 etatementrj about the transduction of individual factors, the 
divorcemetJ$’ of phage from FA, the trails as abortive transductiona, &$ter al3.i. There 
are often good rhetorical reasons f'or auoh re)itirlben, but the writing here reachee 
rsuah length that redtmdan&ee should be exoleed. These may be mentioned particularly 
below. Scme of’ the experiments are fiven in excessive detail, e.g. the method of 
preparing phage. EW as indioated before, theee are fteme most of which uan be correc& 
(as the editoro may well Lnsiat) on the advl.cre of the referee, 

Speoifia itma are cited by page and cat* from top of page. 

customary for easy. 5: 1 serotypse/+ee speafee.. . . . . . 
‘extent of flagellation”- what has been measured ie ueually H-agglutinaMllty, 

or motility. Oan you document theee ae mutative? (emeep4 the clew spreader t;F 
is explicitly gfven 811 having no-1 flagellation). Do you have in mind your 
masked H? 

6211 my own findings support phase variation a6 a sort of reversible differentlatlc 
I may be emhbrraaeed later at thie phrase, although it ia uempafbble with the looeeat 
denotation of “mutation”. Would you be willing to delete “the prooeee ooneiete of 
mutation and reverse-mutat4.on”9 em&-a& which does not tell your bacteriological reads 

very much, end subatltute variation/mutation in etatement about rate? Alternatively, 
YOU $ght have to qualify your meanfng of mutation, which would be awkward for nha+ 
worth. 



68 bottom T!M2/Lt2.. . 7:23 a minsr example of redund~~cy:“exceseive doee phenornonen” is 
superf 1uous, referonce aufficiontc 

f?~a#y&&a~ 
40 8110 thie phage attacke many Salmonella etrains, regflrdlede of their rzerotype, but 

only when they have flagella. 

lo:16 3~-a%p ee-~~&~eee-8ee-s& “eubuulture” is not quite clear enough. Bgphasize 
numerous aingle colony iaolatione. Br: "B0~kzpee$*efl- Exteneive 
single oolony isolations from f1larear crowded with microcolonies a?waye g:ave 
stable, motile suboulturee similar ta those obtained...+” 

lo:23 I agree that roughneea doee not explain f laresl. However, eince f l-es are found 
when rough motile bacteria are inoculated, the flaree have no definite cogneotion 
with transduction, and therefore do not need to be eli-7,borAed on here. 

261 has/have 
*ese-&- 

15~17 typioal &the ape&es ( or eerotype) ie perfeotly correct, and leee cS.t.xriy. 

16: 32 tmd elaewkere. HOW about t for diphasia variation (whetter thax ; >rhiCh I see 
it3 in your tebh3). 

18116 flagellation provide6 a valid method, which may be of prclctica?. value, for 
d&e~~4~#sn-&-apee%ee typing etable 0 etraina.. . . 
Does not have to be kend to differenoee in pathogcnicity, which are not 
entirely reliable anykow. If typing Is of practical value, 80 i$ *hi.3 and 
no apecia:. juet3.S. required. 

18:26 etff. How about the subjunctivelt lack2 etc. 

19:30 Lederberg et al 1951 or much better Lederberg, @enstios in thy 20th Centmry, 
for the several Lac loci. Not L&L. 

20~20 I’d rather not ex reee a judp3nent of propriety. Three strains were determined 
to have the Vi B P V in the KauWmann- Yhite scheme) antigen. 

20: 
gain 

I find it more a strain te poetulate the dn:lb;e coincidence of 4.ees of. V and 
-PWJUW~ZHM infeotion with A2 then the recurrence of Fla-. Your next to last 

sentence ie fine. I wouid delete the la& (Can you dooument the -variation in 
V, independent of IV XII? It should be darlonetrat~ expertientally in this 
strain ts support We h;ypothssie. 

25t27-8 euggeat that strain Glasgow could.... 
citing Sohutze, at fir& reading)%4 

(paet tense made me think you were 

282 12 a vaccine is usunlly understood (in US,C ae a modified "virus" ueed to elicit 
protective mtibody. how about “aa ag~lutin~~ antigena) for the 

production of diagnostic reagente. d-- 
aa a diagnostic antigen as well. 

this includes oontingency of uee ae 

30: I thought W-553 was out. S--31 rep. 

311 13 occurred only exoe>thonally %:?2 document. 

33: the concept ef fragment-traneduotio should be made ewsp+ explicit at the 
very beginning; otherwise reader gets to think of transfer ef”aingle genee” and 
the linkage geta to be a shook. Nerten and I had some disagreement about thie, but 
I have never believed in the reality of "eingle genes"ae phyeioal unite, least of 
all in transduction. See Z&& 695 ( Aleo see Hew Yorker, 2!?( 10) i 102, 4.25.53). 



SFbottom. Lao4 aaa.2. 

83 et ff. linearity &a overempha&md. loor the flreGW evidence of it we should 
have to ehow that in a 5faotor 
ia oonsietent with the r8BUlt8. $1 

oup, only me Qf three poesible arrangem8ntr- 
8r8 ie fmm ho?e of thie in SWpp-x SW&%, 

but it is not mry strong+ Ths g8Ometl'yOf t&8 ,fJEWt~e doea nOthnV8t~ 
be spec$..fied now. Tou have said al1 there ie to cay v&en 'in all organltme 
. ..the genee behave ae if arranged in linear groupa, whioh correspond to 
chranosomes (kr every thmouRhly studied organism)", and a similar organlza- 
tion may be predicated for 3dD?l811a. 

2 9 I)ivorognrent. (Cf. p* 11). It was ais0 neted in -x S. typhi but not mentiOned 
by = 

Trailft cf. 12 
Double transduction Cf. 24. 

why not smarize in 0ll8 line, and refer back, as major bearing on 
tranrduotion per 88e 

m:l2 “gem &,ruot,ure” fe awkward4 do you man Internal structure?)-- genetic 
k3trULhW8, Or mOr8 8Xp:iCit!.y, ohrom3ec&%8 

r16 "phy~lco-a~mm1ma1" ia pretty fancy. Uhy not "The veator of transdue-tiat?, 21 
SakMJiw1'l.a ie (evidently) a phage parti&e", and not mfsMad anyone in&o tiinkln 
the phuge ia the active age&, rather than passive carrier. 

S:Pl Actually Q-riffith clafmed that -ax* Sy--X & 

gave 8, a0 well a8 S ye Thie doee not 888~ fo have been folkWed up. 

j'ictually, not a great many different R st.Faine have b88n used in fi. and thee8 have 
always been eeleoted for abeolute atability, which may have emething to do with tie 

(Horton sa%d saflc3thing that suggesta Hot&kias may be run&q into this agaln). 
P2 E-Taylor's suattrstion of a linear arranpmmnt doee not bear dlscueaion. 

It doea not strengthen a case to quott, ineubatantfal 8VidenC8r De18 "'fhe data 6Ugg86 
ted...." I would aleo ilele the nest oentence u?lleaa you waEt to diecu.ae th+a 
oasuisrtry. 

x:7 the genetic fragmlte /gener;. 37:ll Natimal fnstitute~. Dele “Agr. EC>+ St& 

That'8 all for nou* Forgive the ferocity, which ia only a cogditionsd reflex to 
ma. tkm3 daye. 

Sincerely, 

P.S. Dr. Dixie Lee Ray (U. of Wash.) who opent a few weeks at Madiaop haa been 
doing mm inttwseting M,nga on the agglutination of motile and paralyzed, but 
not of nou motil6TM by an amwba (Harbnanella). She111 be in London latter part 
of July and I have lt~g8’3t8d she look ycumzp. 
Do ~a~n”~~l~~~~~~~~~~?aHBt 8 blyn Wit{ 611 

icta ng m8C ino CEdfrwm Voicewriter?) If SO 
We could eXCah@ d'Seska* whloh would be more m. Or, if necescary but more 
awkward, magnetic tapee. 
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